We review the theoretical status of b → s hadronic penguin decays in the Standard Model and beyond. We summarize the main theoretical tools to compute Branching Ratios and CP asymmetries for b → s penguin dominated nonleptonic decays, and discuss the theoretical uncertainties in the prediction of time-dependent CP asymmetries in this processes. We consider general aspects of b → s transitions beyond the Standard Model. Then we present detailed predictions in supersymmetric models with new sources of flavor and CP violation.
I. INTRODUCTION
New Physics (NP) can be searched for in two ways: either by raising the available energy at colliders to produce new particles and reveal them directly, or by increasing the experimental precision on certain processes involving Standard Model (SM) particles as external states. The latter option, indirect search for NP, should be pursued using processes that are forbidden, very rare or precisely calculable in the SM. In this respect, Flavor Changing Neutral Current (FCNC) and CP-violating processes are among the most powerful probes of NP, since in the SM they cannot arise at the tree-level and even at the loop level they are strongly suppressed by the GIM mechanism. Furthermore, in the quark sector they are all calculable in terms of the CKM matrix, and in particular of the parametersρ and η in the generalized Wolfenstein parametrization [1] . Unfortunately, in many cases a deep understanding of hadronic dynamics is required in order to be able to extract the relevant short-distance information from measured processes. Lattice QCD allows us to compute the necessary hadronic parameters in many processes, for example in ∆F = 2 amplitudes. Indeed, the Unitarity Triangle Analysis (UTA) with Lattice QCD input is extremely successful in determiningρ andη and in constraining NP contributions to ∆F = 2 amplitudes [2] [3] [4] [5] [6] .
Once the CKM matrix is precisely determined by means of the UTA (either within the SM or allowing for generic NP in ∆F = 2 processes), it is possible to search for NP con-tributions to ∆F = 1 transitions. FCNC and CP-violating hadronic decays are indeed the most sensitive probes of NP contributions to penguin operators. In particular, penguindominated nonleptonic B decays can reveal the presence of NP in decay amplitudes [7] [8] [9] .
The dominance of penguin operators is realized in b → sqq transitions.
Thanks to the efforts of the BaBar and Belle collaborations, B-factories have been able to measure CP violation in several b → s penguin-dominated channels with an impressive accuracy [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . To fully exploit this rich experimental information to test the SM and look for NP, we need to determine the SM predictions for each channel. As we shall see in the following, computing the uncertainty in the SM predictions is an extremely delicate task. Only in very few cases it is possible to control this uncertainty using only experimental data; in general, one has to use some dynamical information, either from flavor symmetries This review is organized as follows. In Sec. II we quickly review the basic formalism for b → s nonleptonic decays, and the different approaches to the calculation of decay amplitudes present in the literature. In Sec. III, we present the predictions for Branching Ratios (BR's) and CP violation within the SM following the various approaches, and compare them with the experimental data. In Sec. IV, we discuss the possible sources of NP contributions to b → s penguins and how these NP contributions are constrained by experimental data on other b → s transitions. In Sec. V, we concentrate on SUSY extensions of the SM, discuss the present constraints and present detailed predictions for CP violation in b → s penguins.
In Sec. VI we briefly discuss b → s penguins in the context of non-SUSY extensions of the SM. Finally, in Sec. VII we summarize the present status and discuss future prospects.
II. BASIC FORMALISM A. Generalities
The basic theoretical framework for non-leptonic B decays is based on the Operator Product Expansion (OPE) and renormalization group methods which allow to write the amplitude for a decay of a given meson B=B d , B s , B + into a final state F generally as follows:
Here H eff is the effective weak Hamiltonian, with Q i denoting the relevant local operators which govern the decays in question within the SM, andQ i denoting the ones possibly arising beyond the SM. The CKM factors V CKM i and the Wilson coefficients C i (µ) describe the strength with which a given operator enters the Hamiltonian; for NP contributions, we denote with C NP i (µ) andC NP i (µ) the Wilson coefficients arising within a given NP model, which can in general be complex. In a more intuitive language, the operators Q i (µ) can be regarded as effective vertices and the coefficients C i (µ) as the corresponding effective couplings. The latter can be calculated in renormalization-group improved perturbation theory and are known including Next-to-Leading order (NLO) QCD corrections within the SM and in a few SUSY models [21] [22] [23] . The scale µ separates the contributions to A(B → F ) into short-distance contributions with energy scales higher than µ contained in C i (µ) and long-distance contributions with energy scales lower than µ contained in the hadronic matrix elements Q i (µ) . The scale µ is usually chosen to be O(m b ) but is otherwise arbitrary.
The effective weak Hamiltonian for non-leptonic b → s decays within the SM is given by:
where q L,R ≡ (1 ∓ γ 5 )/2q, u i = {u, c} and e q denotes the quark electric charge (e u = 2/3,
The sum over the quarks q runs over the active flavors at the scale µ. on the renormalization scheme for the operators. The scale and scheme dependence of the coefficients is canceled by the analogous dependence in the matrix elements. It is therefore convenient to identify the basic renormalization group invariant parameters (RGI's) and to express the decay amplitudes in terms of RGI's. This exercise was performed in ref. [24] , where the RGI's were identified and the decay amplitudes for several two-body nonleptonic B decays were written down. For our purpose, we just need to recall a few basic facts about the classification of RGI's. First of all, we have six non-penguin parameters, containing only non-penguin contractions of the current-current operators Q 1,2 : emission parameters E 1,2 , annihilation parameters A 1,2 and Zweig-suppressed emission-annihilation parameters EA 1,2 .
Then, we have four parameters containing only penguin contractions of the current-current
and Zweig suppressed P GIM 2−4 . Finally, we have four parameters containing penguin contractions of current-current operators Q c 1,2 (the so-called charming penguins [25] ) and all possible contractions of penguin operators Q 3−12 : P 1,2 and the Zweig-suppressed P 3,4 .
Let us now discuss some important aspects of b → s penguin nonleptonic decays. First of all, we define as pure penguin channels the ones that are generated only by P i and P GIM i parameters. Pure penguin b → s decays can be written schematically as:
Neglecting doubly Cabibbo suppressed terms, the decay amplitude has vanishing weak phase.
Therefore, there is no direct CP violation and the coefficient S F of the sin ∆mt term in the time-dependent CP asymmetry (for F a CP eigenstate with eigenvalue η F ) measures the phase of the mixing amplitude: we shall come back to it in the next Section after introducing the necessary theoretical ingredients.
Besides pure penguins, we have b → s transitions in which emission, annihilation or emission-annihilation parameters give a contribution to the decay amplitude. Let us call these channels penguin-dominated. Then we can write schematically the decay amplitude as:
where
Also in this case, neglecting doubly Cabibbo suppressed terms the decay amplitude has vanishing weak phase, so that ∆S = 0 at this order. However, we expect T i > P j so that the double Cabibbo suppression can be overcome by the enhancement in the matrix element, leading to a sizable ∆S. Once again, the evaluation of ∆S requires some knowledge of hadronic dynamics. Let us define this as the "tree problem" and return to it in the next Section.
B. Evaluation of hadronic matrix elements
The last decade has witnessed remarkable progress in the theory of nonleptonic B decays.
Bjorken's color transparency argument has been put on firm grounds, and there is now a wide consensus that many B two-body decay amplitudes factorize in the limit m b → ∞ and are therefore computable in this limit in terms of few fundamental nonperturbative quantities.
Three different approaches to factorization in B decays have been put forward: the so-called QCD factorization [26] [27] [28] [29] [30] , perturbative QCD (PQCD) [31] [32] [33] and Soft-Collinear Effective Theory (SCET) [34] [35] [36] [37] [38] . A detailed discussion of these approaches goes beyond the scope of this review; for our purpose, it suffices to quickly describe a few aspects that are relevant for the study of b → s penguin nonleptonic decays.
Unfortunately, as suggested in ref. [25] and later confirmed in refs. [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] , it turns out that subleading corrections to the infinite mass limit, being doubly Cabibbo-enhanced in b → s penguins, are very important (if not dominant) in these channels, so that they reintroduce the strong model dependence that we hoped to eliminate using factorization theorems. While different approaches to factorization point to different sources of large corrections, no approach is able to compute from first principles all the ingredients needed to test the SM in b → s penguins. Therefore, it is important to pursue, in addition to factorization studies, alternative data-driven approaches that can in some cases lead to model-independent predictions for CP violation in b → s penguins.
Let us now quickly review the main tools that are available for the study of b → s penguins.
QCD factorization
The first step towards a factorization theorem was given by Bjorken's color transparency argument [59] . Let us consider a decay of the B meson in two light pseudoscalars, where two light quarks are emitted from the weak interaction vertex as a fast-traveling small-size color-singlet object. In the heavy-quark limit, soft gluons cannot resolve this color dipole and therefore soft gluon exchange between the two light mesons decouples at lowest order in Λ/m b (here and in the following Λ denotes a typical hadronic scale of order Λ QCD ).
Assuming that in B decays to two light pseudoscalars perturbative Sudakov suppression is not sufficient to guarantee the dominance of hard spectator interactions, QCD Factorization (QCDF) states that all soft spectator interactions can be absorbed in the heavy-to-light form factor [26] . Considering for example B → ππ decays, the following factorization formula holds at lowest order in Λ/m b : Final state interaction phases appear in this formalism as imaginary parts of the scattering kernels (at lowest order in Λ/m b ). These phases appear in the computation of penguin contractions and of hard gluon exchange between the two pions. This means that in the heavy quark limit final state interactions can be determined perturbatively.
A few remarks are important for the discussion of CP violation in b → s penguins:
• Penguin contractions (including charming and GIM penguins) are found to be factorizable, at least at one loop.
• Subleading terms in the Λ/m b expansion are in general non-factorizable, so that they cannot be computed from first principles. They are important for phenomenology whenever they are chirally or Cabibbo enhanced. In particular, they cannot be neglected in b → s penguin modes. This introduces a strong model dependence in the evaluation of b → s penguin BR's and CP asymmetries.
• Power suppressed terms can invalidate the perturbative calculation of strong phases performed in the infinite mass limit. Indeed, in this case subleading terms in the Λ/m b expansion can dominate over the loop-suppressed perturbative phases arising at leading order in Λ/m b .
PQCD
The basic idea underlying PQCD calculations is that the dominant process is hard gluon exchange involving the spectator quark. PQCD adopts the three-scale factorization theorem Notice that:
• Contrary to QCD factorization, in PQCD all contributions are assumed to be calculable in perturbation theory due to the Sudakov suppression. This item remains controversial (see refs. [62] and [63] ).
• The dominant strong phases in this approach come from factorized annihilation diagrams.
• Also in this case, there is no control over subleading contributions in the Λ/m b expansion.
SCET
Soft-collinear effective theory is a powerful tool to study factorization in multi-scale problems. The idea is to perform a two-step matching procedure at the hard (O(m b )) and hard-
The final expression is given in terms of perturbative hard kernels, light-cone wave functions and jet functions. For phenomenology, it is convenient to fit directly the nonperturbative parameters on data using the following expression for the decay amplitude, valid at leading order in α s [56] [57] [58] :
, where T 's are perturbative hard kernels, ζ's are nonperturbative parameters and A cc denotes the "charming penguin" contribution.
We notice that:
• Charming penguins are not factorized in the infinite mass limit in this approach, contrary to what obtained in QCD factorization;
• Phenomenological analyses are carried out at leading order in α s and at leading power in Λ/m b ;
• No control is possible on power corrections to factorization.
SU (3) flavor symmetry
An alternative approach that has been pursued extensively in the literature is to use SU(3) flavor symmetry to extract hadronic matrix elements from experimental data and then use them to predict SU(3)-related channels . In principle, in this way it is possible to eliminate all the uncertainties connected to factorization and the infinite mass limit. On the other hand, SU(3)-breaking must be evaluated to obtain reliable predictions.
A few comments are in order:
• In some fortunate cases, such as the contribution of electroweak penguins Q 9,10 to B → Kπ decays, SU(3) predicts some matrix elements to vanish, so that they can be assumed to be suppressed even in the presence of SU (3) breaking [88] [89] [90] .
• Explicit nonperturbative calculations of two-body nonleptonic B decays indicate that SU(3)-breaking corrections to B decay amplitudes can be up to 80%, thus invalidating SU(3) analyses of these processes [91] .
• To take partially into account the effects of SU (3) breaking, several authors assume that symmetry breaking follows the pattern of factorized matrix elements. While this is certainly an interesting idea, its validity for b → s penguins is questionable, given the importance of nonfactorizable contributions in these channels.
General parameterizations
The idea developed in Refs. [42, 92] is to write down the RGI parameters as the sum of their expression in the infinite mass limit, for example using QCD factorization, plus an arbitrary contribution corresponding to subleading terms in the power expansion. These additional contributions are then determined by a fit to the experimental data. In b → s penguins, the dominant power-suppressed correction is given by charming penguins, and the corresponding parameter can be determined with high precision from data and is found to be compatible with a Λ/m b correction to factorization [42] . However, non-dominant corrections, for example GIM penguin parameters in b → s decays, can be extracted from data only in a few cases (for example in B → Kπ decays) [92] . However, predictions for ∆S depend crucially on these corrections, so that one needs external input to constrain them.
One interesting avenue is to extract the support of GIM penguins from SU(3)-related channels (b → d penguins) in which they are not Cabibbo-suppressed, and to use this support, including a possible SU(3) breaking of 100%, in the fit of b → s penguin decays. Alternatively, one can omit the calculation in factorization and fit directly the RGI parameters from the experimental data, instead of fitting the power-suppressed corrections [93, 94] .
We remark that:
• Compared to factorization approaches, general parameterizations have less predictive power but are more general and thus best suited to search for NP in a conservative way.
• This method has the advantage that for several channels, to be discussed below, the predicted ∆S decreases with the experimental uncertainty in BR's and CP asymme-
We conclude this Section by remarking once again that neither the "GIM-penguin problem" nor the "tree problem" can be solved from first principles and we must cope with model-dependent estimates. It then becomes very important to be able to study a variety of channels in several different approaches. In this way, we can hope to be able to make solid predictions and to test them with high accuracy. In the following, we quickly review the present theoretical and experimental results, keeping in mind the goal of testing the SM and looking for NP.
III. BR'S AND CP ASYMMETRIES WITHIN THE SM
The aim of this Section is to collect pre-and post-dictions for BR's and CP asymmetries of b → s penguin decays obtained in the approaches briefly discussed in the previous Section.
The main focus will be on ∆S, but BR's and rate CP asymmetries will play a key role in assessing the reliability and the theoretical uncertainty of the different approaches.
A. BR's and rate CP asymmetries
In Tables I-III we First of all, we notice that all approaches are able to reproduce the experimental BR's of B → P P penguins, although QCDF tends to predict lower BR's for B → P η ′ , albeit with large uncertainties. Concerning BR's of B → P V penguins, QCDF is always on the low side and reproduces experimental BR's only when the upper range of the error due to power corrections is considered. PQCD shows similar features for K * and ρ modes, while it predicts much larger values for BR's of B → Kω decays.
The situation for rate CP asymmetries is a bit different. Both QCDF and SCET predict 20.8 ± 7.9 ± 0.6 ± 0.7 24.1 ± 0.7 23.1 ± 1.0
+1.8 +5.8 +0.9 +6.9 −1.7 −4.0 −1.0 −3.0 13.9
11.3 ± 4.1 ± 1.0 ± 0.3 12.6 ± 0.5 12.8 ± 0.6 
9.4 ± 3.6 ± 0.2 ± 0.3 9.5 ± 0.4 10.0 ± 0.6 complete generality of the method.
Notice also that B → Kπ data in Tab. I are perfectly reproduced in the GP approach, thus showing on general grounds the absence of any "Kπ puzzle", although specific dynamical assumptions may lead to discrepancies between theory and experiment [80, [97] [98] [99] [100] . 11.3 ± 0.9 10.7 ± 0.8 We conclude that factorization approaches in general show a remarkable agreement with experimental data, but their predictions suffer from large uncertainties. Furthermore, QCDF 18.2 ± 6.7 ± 1.1 ± 0.5 For the reader's convenience, we report in Tabs. IV and V the predictions obtained in several approaches for BR's and CP asymmetries of B s penguin-dominated b → s decays.
B. Predictions for S and ∆S in b → s penguins
Keeping in mind the results of Sec. III A, we now turn to the main topic of this review, namely our ability to test the SM using time-dependent CP asymmetries in b → s penguin nonleptonic decays. Starting from Eq. (5), we write down the expression for S F as follows:
)/ P i with T i = 0 for pure penguin channels.
Since the angle β s is small and very well known (β s = (2.1 ± 0.1) • ), the problem is then reduced to the evaluation of κ F = (T i + P 
S η ′ K S 70.6 ± 0.5 ± 0.6 ± 0.3 71.5 ± 0.5 ± 0.8 ± 0.2 70.9 ± 3.9 61 ± 7
71.5 ± 8.7 39 ± 18
64 ± 11 20 ± 57
75.7 ± 10.3 48 ± 24 so that it is likely to be dominated by power corrections. Furthermore, the contribution of
is particularly difficult to estimate for η and η ′ channels. Last but not least, the determination of the sign of ∆S F relies heavily on the determination of the sign of Re
is dominated by power corrections, there is no guarantee that the sign given by the perturbative calculation is correct.
With the above caveat in mind, from Tables VI and VII we learn that:
• Experimentally there is a systematic trend for negative ∆S. This might be a hint of the presence of new sources of CP violation in the b → s penguin amplitude.
• The experimental uncertainty is dominant in all channels. In addition to that, the GP 7.7 ± 2.2 ± 1.8 ± 1 2.4 ± 5.9 −35 ± 21
5.6 ± 10.7 −20 ± 24 estimate of the theoretical uncertainty, which is certainly conservative, can be reduced with experimental improvements on BR's and CP asymmetries.
• As discussed in Sec. II, the theoretical uncertainty estimated from first principles is much smaller for pure penguin decays such as B → φK s than for penguin-dominated channels.
• In the model-independent GP approach, the theoretical uncertainty is smaller for B → π 0 K s because the number of observables in the B → Kπ system is sufficient to constrain efficiently the hadronic parameters. This means that the theoretical error can be kept under control by improving the experimental data in these channels.
On the other hand, the information on B → φK s is not sufficient to bound the subleading terms and this results in a relatively large theoretical uncertainty that cannot be decreased without additional input on hadronic parameters. Furthermore, using SU(3) to constrain ∆S φKs is difficult because the number of amplitudes involved is very large [64, [85] [86] [87] .
The ideal situation would be represented by a pure penguin decay for which the information on P 
For the reader's convenience, we report in Tab. VIII the predictions for the S coefficient of the time-dependent CP asymmetry for several B s penguin-dominated decays.
Before closing this Section, let us mention non-resonant three-body B decays such as
In this case, a theoretical estimate of κ F is extremely challenging, and using SU(3) to constrain κ F is difficult because of the large number of channels involved [85] . Nevertheless, they are certainly helpful in completing the picture of CP violation in b → s penguins.
To summarize the status of b → s penguins in the SM, we can say that additional experimental data will allow us to establish whether the trend of negative ∆S shown by present data really signals the presence of NP in b → s penguins. Theoretical errors are not an issue in this respect, because the estimates based on factorization can in most cases be checked using the GP approach based purely on experimental data. B s decays will provide additional useful channels and will help considerably in assessing the presence of NP in b → s penguins.
IV. CP VIOLATION IN b → s PENGUINS BEYOND THE SM
We have seen that there is a hint of NP in CP-violating b → s hadronic penguins. In this Section, we would like to answer two basic questions that arise when considering NP contributions to these decays: We consider here only model-independent aspects of these two questions, and postpone model-dependent analyses to Section V.
A. Model-independent constraints on b → s transitions
The last year has witnessed enormous progress in the experimental study of b → s transitions. In particular, the TeVatron experiments have provided us with the first information on the B s −B s mixing amplitude [102] , which can be translated into constraints on the ∆B = ∆S = 2 effective Hamiltonian. In any given model, as we shall see for example in Sec. V, these constraints can be combined with the ones from b → sγ and b → sℓ + ℓ − decays to provide strong bounds on NP effects in b → s hadronic penguins.
Let us now summarize the presently available bounds on the B s −B s mixing amplitude, following the discussion of ref. [103] . General NP contributions to the ∆B = ∆S = 2 effective
Hamiltonian can be incorporated in the analysis in a model-independent way, parametrizing the shift induced in the mixing frequency and phase with two parameters, C Bs and φ Bs , equal to 1 and 0 in the SM [104] [105] [106] [107] [108] : The available experimental information is the following: the measurement of ∆m s [102] , the semileptonic asymmetry in B s decays A s SL and the dimuon asymmetry A CH from DØ [109, 110] , the measurement of the B s lifetime from flavor-specific final states [111] [112] [113] [114] [115] [116] , the determination of ∆Γ s /Γ s from the time-integrated angular analysis of B s → J/ψφ decays by CDF [117] , the three-dimensional constraint on Γ s , ∆Γ s , and B s -B s mixing phase φ s from the time-dependent angular analysis of B s → J/ψφ decays by DØ [118] .
Making use of this experimental information it is possible to constrain C Bs and φ Bs [5, 103, [119] [120] [121] [122] . The fourfold ambiguity for φ Bs inherent in the untagged analysis of ref. [118] is somewhat reduced by the measurements of A s SL and A SL [123] , which prefer negative values of φ Bs . The results for C Bs and φ Bs , obtained from the general analysis allowing for NP in all sectors, are [103] C Bs = 1.03 ± 0.29 , φ Bs = (−75 ± 14)
• ∪ (−19 ± 11)
Thus, the deviation from zero in φ Bs is below the 1σ level, although clearly there is still ample room for values of φ Bs very far from zero. The corresponding p.d.f. in the C Bs -φ Bs plane is shown in Fig. 2 .
The experimental information on b → sγ and b → sℓ + ℓ − decays [124] [125] [126] [127] [128] [129] [130] can also be combined in a model-independent way along the lines of refs. [131] [132] [133] [134] . In this way, it is possible to constrain the coefficients of the b → sγ, b → sγ * and b → sZ vertices, which also contribute to b → s hadronic penguins. It turns out that order-of-magnitude enhancements of these vertices are excluded, so that they are unlikely to give large effects in b → s nonleptonic decays. On the other hand, the b → sg vertex is only very weakly constrained, so that it can still give large contributions to b → s hadronic penguins. Finally, the information contained in Eq. (9) can be used to constrain NP effects in b → s hadronic decays only within a given model, since a connection between ∆B = 2 and ∆B = 1 effective
Hamiltonians is possible only once the model is specified. We shall return to this point in Sec. V.
B. Theoretical motivations for NP in b → s transitions
We now turn to the second question formulated at the beginning of this Section, namely whether on general grounds it is natural to expect NP to show up in b → s transitions.
The general picture emerging from the generalized Unitarity Triangle analysis performed in ref. [4, 5, 103] and from the very recent data on D −D mixing [135] [136] [137] [138] Another interesting argument is the connection between quark and lepton flavor violation in grand unified models [147] [148] [149] [150] . The idea is very simple: the large flavor mixing present in the neutrino sector, if mainly generated by Yukawa couplings, should be shared by righthanded down-type quarks that sit in the same SU(5) multiplet with left-handed leptons.
Once again, one expects in this case large NP contributions to b → s transitions.
We conclude that the possibility of large NP effects in b → s penguin hadronic decays is theoretically well motivated on general grounds. The arguments sketched above can of course be put on firmer grounds in the context of specific models, and we refer the reader to the rich literature on this subject.
V. SUSY MODELS
Let us now focus on SUSY and discuss the phenomenological effects of the new sources of flavor and CP violation in b → s processes that arise in the squark sector .
In general, in the MSSM squark masses are neither flavor-universal, nor are they aligned to quark masses, so that they are not flavor diagonal in the super-CKM basis, in which quark masses are diagonal and all neutral current vertices are flavor diagonal. The ratios of off-diagonal squark mass terms to the average squark mass define four new sources of flavor violation in the b → s sector: the mass insertions (δ d 23 ) AB , with A, B = L, R referring to the helicity of the corresponding quarks. These δ's are in general complex, so that they also violate CP. One can think of them as additional CKM-type mixings arising from the SUSY sector. Assuming that the dominant SUSY contribution comes from the strong interaction sector, i.e. from gluino exchange, all FCNC processes can be computed in terms of the SM parameters plus the four δ's plus the relevant SUSY parameters: the gluino mass mg, the average squark mass mq, tan β and the µ parameter. The impact of additional SUSY contributions such as chargino exchange has been discussed in detail in Ref. [166] . We consider only the case of small or moderate tan β, since for large tan β the constraints from B s → µ + µ − and ∆m s preclude the possibility of having large effects in b → s hadronic penguin decays [163, [174] [175] [176] [177] [178] [179] .
Barring accidental cancellations, one can consider one single δ parameter, fix the SUSY masses and study the phenomenology. The constraints on δ's come at present from B → X s γ, B → X s l + l − and from the B s −B s mixing amplitude as given in Eq. (9) . We refer the reader to refs. [180] [181] [182] for all the details of this analysis. Several comments are in order at this point:
• Only (δ • We recall that LR and RL mass insertions generate much larger contributions to the (chromo)magnetic operators, since the necessary chirality flip can be performed on the gluino line (∝ mg) rather than on the quark line (∝ m b ). Therefore, the constraints from rare decays are much more effective on these insertions, so that the bound from B s −B s has no impact in this case.
• The µ tan β flavor-conserving LR squark mass term generates, together with a flavor changing LL mass insertion, an effective (δ See the text for details.
• For tan β = 3, we see from the upper row of Fig. 3 that the bound on (δ d 23 ) LL from B s −B s mixing is competitive with the one from rare decays, while for tan β = 10 rare decays give the strongest constraints (lower row of Fig. 3) . The bounds on all other δ's do not depend on the sign of µ and on the value of tan β for this choice of SUSY parameters.
• For LL and LR cases, B → X s γ and B → X s l + l − produce bounds with different constraining new sources of flavor and CP violation in the squark sector.
• For the RR case, the constraints from rare decays are very weak, so that the only significant bound comes from B s −B s mixing.
• If (δ • All constraints scale approximately linearly with squark and gluino masses. sizable dependence on the sign of µ or on tan β for the chosen range of SUSY parameters.
We see that:
• deviations from the SM expectations are possible in all channels, and the present experimental central values can be reproduced;
• they are more easily generated by LR and RL insertions, due to the enhancement mechanism discussed above.
• As noticed in refs. [183, 184] , the correlation between ∆S P P and ∆S P V depends on the chirality of the NP contributions. For example, we show in Fig. 11 the correlation between ∆S K S φ and ∆S Ksπ 0 for the four possible choices for mass insertions. We see that the ∆S K S φ and ∆S Ksπ 0 are correlated for LL and LR mass insertions, and anticorrelated for RL and RR mass insertions.
An interesting issue is the scaling of SUSY effects in ∆S with squark and gluino masses.
We have noticed above that the constraints from other processes scale linearly with the SUSY masses. Now, it turns out that also the dominant SUSY contribution to ∆S, the chromomagnetic one, scales linearly with SUSY masses as long as mg ∼ mq ∼ µ. This means that there is no decoupling of SUSY contributions to ∆S as long as the constraint from other processes can be saturated for δ < 1. From Figs. 3-5 we see that the bounds on LL and RR mass insertions quickly reach the physical boundary at δ = 1, while LR and RL are safely below that bound. Chirality flipping LR and RL insertions cannot become too large in order to ensure the absence of charge and color breaking minima and unbounded from below directions in the scalar potential [185] . However, it is easy to check that the flavor bounds given above are stronger for SUSY masses up to (and above) the TeV scale.
We conclude that LR and RL mass insertions can give observable effects for SUSY masses within the reach of LHC and even above. This is shown explicitly in Figs. 12 
VI. NON-SUSY MODELS
In general, one expects sizable values of ∆S in all models in which new sources of CP violation are present in b → s penguins. In particular, models with a fourth generation, both vectorlike and sequential, models with warped extra dimensions in which the flavor structure of the SM is obtained using localization of fermion wave functions, and models with Z ′ gauge bosons can all give potentially large contributions to b → s penguins [186] [187] [188] [189] [190] .
In any given NP model, it is possible to perform a detailed analysis along the lines of 
VII. CONCLUSIONS AND OUTLOOK
We have reviewed the theoretical status of hadronic b → s penguin decays. We have shown that, in spite of the theoretical difficulties in the evaluation of hadronic matrix elements, in the SM it is possible to obtain sound theoretical predictions for the coefficient S F of time-dependent CP asymmetries, using either models of hadronic dynamics or datadriven approaches. Experimental data show an interesting trend of deviations from the SM predictions that definitely deserves further theoretical and experimental investigation. will be exciting to combine the direct information from the LHC and the indirect one from flavor physics to identify the physics beyond the SM that has been hiding behind the corner for the last decades. In this respect, future facilities for B physics will provide us with an invaluable tool to study the origin of fermion masses and of flavor symmetry breaking, two aspects of elementary particle physics that remain obscure in spite of the theoretical and experimental efforts in flavor physics.
